In this paper the third water balance component, the actual evapotranspiration (ETA), is analysed.
INTRODUCTION
Many large rivers of significance for water resources management in lowlands, including the Danube, Rhine, Rhone or Po, have their sources in the Alps. High precipitation sums, together with low winter temperatures inducing snow accumulation in the headwaters lead to high runoffrates in spring and summer, with the Alps contributing up to 80% of the total water amount in downstream regions (Alpine Convention ). Therefore, a better understanding of the hydrological system in alpine catchments is of relevance, not only on a local scale, but also for the over- For hydrological modelling, and in particular for continuous rainfall-runoff simulations, the estimation of the components of the hydrological cycle, precipitation and evapotranspiration, play a crucial role, as a balance between observed runoff, modelled evapotranspiration and precipi-in a certain direction. It is possible to estimate the ETA on a longer time scale as the difference between precipitation and runoff -this method assumes an accurate knowledge of the areal precipitation, which is rarely the case for alpine catchments with few observations and a high variability in precipitation patterns (de Jong et al. ) .
Furthermore, an accurate description of the space-time evapotranspiration process is not possible with this approach.
Therefore, a general method is to derive potential or reference evapotranspiration rates (ETP) using meteorological data and to calculate the ETA as a function of soil moisture content and vegetation layer in further modelling steps. Two sources of uncertainty arise with this approach: (1) 'Thorn'). In a first step the evapotranspiration models are compared and validated by using data sets from two lysi- 
CASE STUDY AREA
The case study is performed in the upper Enns basin in the Table 1 ). Of the 11 sub-catchments, six have runoff observations. Runoff measurements are provided by the Austrian Hydrographic Service (HZB). All time-series had no interruptions and are quality controlled. Nevertheless, the runoff series of the gauging station Löbenau was not used for calibration, as it was obviously biased. The highest accuracies in the runoff observations can be expected around mean flow, higher deviations can be expected in low flow and especially in high flow conditions. The observations of gauged catchments can be used for model calibration, for ungauged catchments parameters of the hydrological model must be estimated. As the gauges lie on relatively narrow valley floors, it can be assumed that ignoring possible subsurface flows around the gauges does not result in a large error.
The cumulative elevation distribution shows that 50% of the catchment lies above 1,500 m a.s.l, with a range between 716 and 2,880 m a.s.l. (Figure 3 ). Forty-eight per cent of the catchment is dominated by coniferous forest and 33% by grassland and meadows. Fifteen per cent of the catchment • Air temperature.
• Precipitation.
• Solar radiation.
• Relative humidity.
• Wind speed.
Precipitation is determined by combining rain gauge and radar data using the method described in Haiden 
METHODOLOGY Potential evapotranspiration models

ASCE-Penman-Monteith
The ASCE-PM method for calculating reference (potential) evapotranspiration can be expressed as (ASCE-EWRI ):
where ETP ¼ reference evapotranspiration (mm h À1 ), Δ ¼ the slope of the saturation vapour pressure function
and C d (s m À1 ) are coefficients that vary with each calculation time step, reference type (grass or alfalfa) and with the time of day. In the presented study the value for
(ASCE-EWRI ). The calculation procedures follow Allen et al. () .
Calculating the ETP with the ASCE-PM method can yield negative values, which can be interpreted as condensation. Nevertheless, these values were set to 0. It is not certain that the condensation rates are plausible, as it was not possible to validate them with lysimeter data.
Hargreaves
With the method of Hargreaves (Hargreaves & Samani ) the ETP in millimetres per day (ETP d ) is calculated as:
with daily mean
and is estimated as a function of latitude and time of year.
The diurnal variation of the evapotranspiration rates is estimated as a function of positive air temperature: 
where
The values of J and a are calculated for every location using long time mean air temperature data as:
Numerical problems arise when calculating the heat index J with relatively low mean monthly temperatures around 0 W C, which is often the case for high alpine areas. In such cases J becomes very small and as it is in the numerator of Equation (4), the ETP values calculated for a time step are unrealistically high.
Hydrological model
The simulations are performed with the conceptual, spatially distributed continuous hydrological model COSERO, which is similar to the HBV model (Bergström ) . It is a hydrotope based model, whereas in this study the spatial discretisation is performed on a 1 × 1 km Figure 6 shows the ETVEGCOR values used in this study. The rate of ETA here depends on current soil moisture conditions and the remaining corrected ETP. Between a lower bound, which is defined by the permanent wilting 
APPLICATION AND RESULTS
Evapotranspiration at lysimeter stations
The following figures show uncorrected observation data.
The corrected data is only used for calculating the performance measures. in Figure 16 , which shows the performance measures, NSE and linear correlation for hourly and daily sums. 
Potential evapotranspiration
Catchment evapotranspiration
Distributed potential evapotranspiration Figure 19 ).
Furthermore, relative humidity decreases with elevation and supports higher evapotranspiration rates (Figure 18 ).
These factors explain the comparable higher ETP rates when applying the ASCE-PM method. . The sum of modelled runoff and the previously presented ETA is not identical to the catchment precipitation. As the simulation period ends in December, the differences can be explained with precipitation stored in snow.
The ETA rates with Hargreaves and Thornthwaite are lower compared with ASCE-PM and although a bias between observed and simulated runoff is still present, it is lower than with the ASCE-PM input, leading to a better performance of the hydrological model (Figure 25 ). This is the case for all but one catchment.
SUMMARY AND CONCLUSIONS
In this comparative study a conceptual, distributed rainfallrunoff model is applied to a high alpine basin in the north- In general, it can be stated that the differences between temperature-based methods and energy balance-based techniques become larger with higher elevation.
• Runoff simulations with all three ETP inputs underestimate the observed runoff. As the ETA rates calculated This situation suggests that our approach to calculate sublimation as a constant factor of ETP may be too simplistic and inadequate to estimate sublimation rates, e.g. by not considering foehn conditions. Considering and eliminating this model deficiency would lead to higher ETA rates, making this part of the water balance even more important. As a consequence, the estimation of areal precipitation and the already used correction factors for compensating undercatch and deficiencies in the interpolation methods would have to be revised.
